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DRAFT

2/2194 MUADEE Memorandum of Understanding Between The University of
Michigan Space Physics Research Laboratory, the Jet Propulsion
Laboratory, and Lockheed Missiles and Space Company

This memorandum of understanding (MOU) between the Mars Upper Atmosphere, Dynamics,
Energetics & Evolution (MUADEE) mission Principal Investigator (PI)/University of Michigan, as
chairman of the MUADEE Science Team, Jet Propulsion Laboratory (JPL), and the Lockheed
Missiles and Space Company (Lockheed) establishes the basis for a cooperative effort to conduct the
MUADEE project. The effective date of this Agreement is

MUADEE is a Discovery class mission to the planet Mars which will perform global orbital
observations of the planet's upper atmosphere. The prospective mission calls for a single spacecraft to
be launched and be placed in an orbit about Mars.

The MOU is mutually adopted by the parties to guide joint activities associated with the Discovery
MUADEE project. While it is not a formal contractual agreement, it defines the key roles,
responsibilities, relationships, and arrangements that underlie the management of the Discovery
MUADEE project. These are as follows:

1. A Consortium has been formed between the PI, Lockheed, and JPL for the purpose of
successfully proposing and carrying out the MUADEE mission, on schedule and within cost. The PI
shall have overall responsibility, accountability, and decision authority and be responsible for the
overall business, financial, technical and scientific management of the MUADEE project. An
Oversight Board will consist of senior members from each consortium partner; the PI, as Chairman of
the Oversight Board and leader of the Science Team, a senior representative of Lockheed, and a senior
representative of JPL. The Oversight Board may appoint additional, non-voting members for
specified purposes. The Oversight Board will operate by consensus.

2. The on-going work of the Oversight Board will be carried out by the Chairman. The University of
Michigan will provide administrative support to the Oversight Board.

3. The Oversight Board will approve appointments of key project positions, including, but not
limited to: the JPL Project Manager, the Lockheed Spacecraft Manager; and other key personnel
assignees who will report directly to the PI. Key personnel will not be reassigned without concurrence
from the PIL
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4. The PI and Science Team are responsible for a detailed specification of scientific requirements,
which are to be frozen at the time of the NASA Announcement of Opportunity for proposal
submission. The PI and the Science Team will participate in any decisions that impact the mission
science data return.

5. The PI and the Science Team are also responsible for the interpretation and distribution of the
mission data and for publication of the results in the open literature. Proper credit will be given to
NASA, JPL, Lockheed and other MUADEE University/Industry participants. The PI, JPL and
Lockheed will not be restricted in their use of the mission data for public relations and educational

purposes.

6. The PI is responsible for monitoring and fostering the necessary interactions between and among
the team members: Lockheed, JPL and the Science Team. The PI, through the University of
Michigan, will be responsible for the placement of the Spacecraft Contract with Lockheed.

7. JPL will assign a Project Manager (PM), approved by the PI. Although the Project Manager will
report administratively to the JPL Office of Space Science and Instruments Discovery Office, he/she
will be directly accountable and responsible to the PI; i.e., the PM will work for the PI.

8. The Project Manager's central role will be to ensure delivery of the instrumented MAUDEE
spacecraft on schedule and within cost. The PM has primary responsibility over requirements at Level
IT and below. Requirements changes at Level I must be approved by the PI and will only be allowable
to reduce cost and control schedule. Major technical issues are resolved through close collaboration of
PI and PM. The PM will be responsible for producing concise, digestible project status summaries
relating to cost, schedule and technical performance, science, spacecraft, instrument contractors, or
university-provided hardware. The Project Manager will maintain an interface with the NASA
Headquarters Discovery Program Office.

9. The University of Michigan will be responsible for mission operations. Navigation, tracking and
data acquisition will be centered at JPL.

10. Lockheed will be responsible for MUADEE system integration, spacecraft development,
integration, testing, and launch operations. Lockheed will appoint a Spacecraft Manager, subject to

the approval of the Oversight Board, with the responsibility for the entire Lockheed effort.

11. The following assumptions apply to the MUADEE Proposal Development:
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a. The PI, with the assistance of a Proposal Team Leader, is responsible for the preparation of
the joint PI/JPL/Lockheed MUADEE Discovery Proposal in response to the Discovery Announcement
of Opportunity (AO).

b. The PJ, the Science Team Members, JPL and Lockheed will supply the necessary engineering,
management,. technical, and other services as well as nonproprietary cost information, exhibits,
designs, and plans related to the work they propose to perform at their own expense in support of the
MUADEE Proposal. Proprietary data will be handled by Individual Proprietary Information
Nondisclosure Agreements between Lockheed, JPL, the PI and appropriate Science Team Members to
ensure that such proprietary data is controlled within each of the consortium members facilities.

c. The final proposal will be reviewed by the Oversight Board, and the Individual Oversight
Board Members will obtain internal concurrences, if required, prior to the submission of the
MUADEE Proposal to NASA. All contacts with NASA pertaining to the preparation of the proposal
will be made through the PIL

12. The following assumptions apply to jnogram costs:

a. The parties to this Memorandum recognize the special requirements imposed by the cost
constraints on Discovery missions. The MUADEE Oversight Board will exercise oversight over all
aspects of MUADEE expenditures.

b. The type of contact to be used for the Lockheed Spacecraft effort will be a cost plus award
vehicle consistent with the MUADEE program cost and the overall Discovery philosphy. The contract
will incorporate on-orbit performance incentives and descope options to control costs to a not-to-
exceed ceiling. Under such a contract with Lockheed the ceiling will be established consistent with the
overall MUADEE cost assumptions and as agreed to by the Oversight Board.

c. Product Assurance for the flight elements will be provided by Lockheed according to established
Lockheed practices and procedures, with technical oversight by the MUADEE Project Manager. The
Product Assurance Plan is subject to approval by the JPL MUADEE Project Manager prior to
submission of the final program cost proposal.

13. Nothing in this agreement shall be deemed to constitute, create, give effect to or otherwise
recognize a joint venture, or formal business entity of any kind, and the rights of the parties hereto
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shall be limited to those expressly set forth herein. Nothing herein shall be construed as providing for
the sharing of profits or losses arising out of the efforts of the consortium partners, except as may be
provided for in any contract agreed to by and between the PI, JPL and Lockheed.

14.  Any news release, public announcement, advertisement or publicity proposed to be released by
any of the parties to this agreement concerning the activities of the other party in connection with the
MUADEE Proposal or any resulting contract shall be subject to the approval of the other party(s) prior
to release.

15. This agreement constitutes the entire understanding and agreement of and between the
consortium with respect to the MUADEE Mission and any or all changes hereto require that such
changes be in writing and be unanimously agreed to by the Oversight Board prior to any
implementation by any of the parties.

IN WITNESS WHEREOF, the parties hereto have caused this Agreement to be executed as of the day
and year first above written.

Principal Investigator (PI) Jet Propulsion Laboratory
Dr. T. L. Killeen California Institute of Technology
University of Michigan Pasadena, California 91109-8099

Ann Arbor, Michigan 48109-2143

Lockheed Missile and Space Company
Sunnyvale, California
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MARS UPPER ATMOSPHERE DYNAMICS, ENERGETICS AND EVOLUTION MISSION
STATEMENT OF WORK

1.0 Introduction

This Statemgnt of Work (SOW) defines the spacecraft contractor’s
efﬁorts to implement the MUADEE spacecraft. The main purpose of
this program is to:

Design and develop the spacecraft bus
Integrate and test the spacecraft
Deliver said craft to the Eastern Range
Provide launch and operations support

The spacecraft contractor shall furnish the necessary personnel,
facilities, services and materials required to accomplish the
foregoing tasks.

In accomplishing the development of the MUADEE spacecraft, the
contractor shall:

« Provide the spacecraft bus

+« Receive the instruments as supplied by the University of
Michigan Space Physics Research Laboratory and
integrate them with the bus to form the spacecraft and
perform spacecraft level testing

« Provide all necessary ground support equipment

« Provide a spacecraft electrical interface simulator for
the instruments to checkout the electrical interface
at the instrumenter’s facility prior to delivery

+ Support the combined testing of the spacecraft, ground
system and the DSN (end-to-end testing) before launch.

« Deliver the spacecraft to the Eastern Launch site

« Provide launch and post-launch support

- Support flight operations planning, including defining
flight operations requirements

+ Provide spacecraft operator training and supervision for
30 days after launch

« Provide the spacecraft bus engineering data base required
for flight operations

« Support on-orbit checkout and initial calibrations of the
instrument and spacecraft bus

« Perform the necessary systems engineering in support of
all of these tasks

2.0 Specific Areas of Effort

2.1 Mission Planning Support



Spacecraft contractor will assist, where appropriate and
possible, with mission planning. Inasmuch as mission goals are
affected by spacecraft design, the spacecraft contractor shall
maintain a close supporting role with the University of Michigan
through regular teleconference and videoconference contact,
reports and periodic reviews. The full implications of design
specifications (and design changes) shall be communicated to the
principal investigator (U. Mich.) as quickly as possible (see
Section 2.8.2 on Configuration Management) .

2.2. Spacecraft Subsystem Design

The spacecraft contractor shall define a baseline for the
spacecraft bus to be used on the mission. This shall form the
basis for the mission, understanding that some cost effective
modifications may be proposed in order to accommodate changes in
instrument requirements. Specifications for the spacecraft are
given in Document ( ). This is the “spacecraft
definition period” and will commence on the contract award date
or initiation of the authority to proceed.

The spacecraft contractor shall perform all engineering tasks
needed to define the design including all analyses and system
trades. Specific subsystems which should be addressed are:

2.2.1 Structures and Mechanisms

Spacecraft contractor shall provide all necessary engineering
analysis and trades required to develop suitable structures and
mechanisms for the spacecraft bus including all on-orbit
deployable mechanisms which may be used.

2.2.2 Thermal Considerations

The spacecraft contractor shall provide engineering support as
required, including analysis and trades, to develop a thermal
design which is suitably accommodated to the instruments, posing
no threat of thermal distortion, either mechanical or
electronic.

2.2.3 Command and Data Handling

The spacecraft contractor shall provide all necessary
engineering support to develop a design for the command and data
handling subsystem.

2.2.4 Guidance, Navigation and Control

The spacecraft contractor shall provide all necessary
engineering support to develop a design for the guidance,

navigation and control subsystem.

2.2.5 Propulsion Subsystem



The spacecraft contractor shall provide all necessary
engineering support to develop a design for the propulsion
subsystem. Contractor shall include a detailed analysis of the
“delta v" requirements for the MUADEE spacecraft and the
corresponding propulsion budget dictated thereby.

2.2.6 Electrical Power and Distribution

The spacecraft contractor shall provide all necessary
engineering support required to fabricate, assemble and test the
electrical power subsystem and its distribution subsystem.

2.2.7 Communications

The spacecraft contractor shall provide all necessary
engineering support required to fabricate, assemble and test the
communications subsystem for the MUADEE spacecraft.

2.3 Accommodation of Instruments, Mechanisms and Subsystems

2.3.1 Spacecraft contractor shall exercise suitable care to see
that instruments and subsystems are accommodated properly. Areas
which should be considered include:

e Structures and Mechanisms
Weight, mounting locations
Disturbance management
Field-of-view blockage

« Power - availability and distribution
Power interface, budgets, instrument power sharing

e Thermal
Heat transfer and “smoothing”
Radiator field-of-view blockage
Special surface treatment

» Contamination
Earth contamination/cleanliness
Optical surfaces
Venting, plume contamination
Planetary protection

» Test Requirements
Planning and facilitating tests, data and

postprocessing

e Command and Data Handling
Data handling and storage
Processing rates
Radiation shielding
Critical systems management

2.4 Integration and Test

The spacecraft contractor shall furnish all necessary personnel,
facilities, equipment, services and materials required to
support integration and test efforts for the MUADEE spacecraft.



This includes all electrical, mechanical and thermal
integration. Contractor shall also provide necessary technical
efforts to assure that problems are adequately addressed as they
arise.

Facilities may include office space and support, clean rooms,
and space suitable for bench acceptance tests. The spacecraft
contractor shall mount, align and verify that subsystems and
instrumentation are accurately aligned.

2.4.1 Functional Tests

Contract shall provide all resources necessary to define,
document and analyze all functional and performance tests.
Contractor shall define each test and prepare and operate the
facility.

2.4.2 Environmental Tests and Contamination Control

Spacecraft contractor shall provide all resources necessary to
define, document and analyze the needed environmental tests.
Contractor shall define each test and prepare and operate the
facility. Such tests are to be accommodated with a suitable
testing period. Contractor shall also be responsible for
monitoring contamination (both particulate and molecular) of the
spacecraft from the beginning of integration through the launch.

2.4.3 Ground Support Equipment (GSE)

Spacecraft contractor shall furnish both mechanical and
electrical GSE (or provide all resources necessary to design and
fabricate such equipment) .

2.4.4 Handling and Transportation

Contractor shall provide all resources necessary to transport
the spacecraft and all necessary equipment to the launch site.
This shall be done safely and in a manner compatible with
applicable environmental specifications. Contractor shall also
provide similar transportation and handling back to a suitable
facility after the launch.

2.4.5 Eastern Range Operations

Spacecraft contractor shall provide all resources necessary to
analyze, plan, perform, coordinate and document all phases of
launch operations for the MUADEE spacecraft from arrival at the
Range through the launch, including spacecraft servicing in the
event of mission abort. Contractor responsibility extends 30
days beyond the launch date.

2.5 Instrument and Launch Vehicle Interface Coordination

2.5.1 Instrument Interface Accommodation



The spacecraft contractor shall perform all systems analysis and
engineering tasks required to define all aspects of the
spacecraft bus-to-instrument interface and the spacecraft-to-
launch-vehicle interface. Contractor shall negotiate Interface
Control Documents (ICD’s) with the MUADEE scientific instrument
manager using the appropriate Instrument Definition Document
(IDD) as a basis. The negotiated ICD shall ultimately replace
the appropriate IDD.

2.5.2 Launch Vehicle Interface

The spacecraft contractor shall exercise due diligence in the
construction of the interface between the spacecraft and the
launch vehicle. This includes all engineering support as well
as the equipment needed to fabricate, assemble and test an
interface simulator which is to be delivered to the University
of Michigan facility for checkout of the launch vehicle
interface.

2.6 Mission Operations

The spacecraft contractor shall provide assistance to the
University of Michigan personnel, where possible.

2.6.1 Training

During the development of the spacecraft, contractor shall
provide training for University of Michigan personnel in all
phases necessary for mission operations. This shall include
preparation of tralnlng materials for spacecraft operations,
instruments and, in the checkout phase, the spacecraft interface
simulator.

2.6.2 Post-Launch Support

Contractor shall provide training and operations support for a
period of thirty (30) days after launch.

2.6.3 On-Call Support

Phase E of the MUADEE project is the period after the 30-day
post-launch phase. During this time, the spacecraft contractor
will be available for consultation and assistance in operations.

2.7 Launch Operations

The spacecraft contractor shall be responsible for directing
flight operations from launch through orbital checkout. The
spacecraft contractor shall perform this task by advising the
University of Michigan Flight Operations Team (who will be
operating the MUADEE console).

2.8 Management Planning



The spacecraft contractor shall perform the necessary direct
management functions and provide a management structure
responsible for overall project control to assure that all
requirements of this Statement of Work are accomplished
successfully and in a timely manner. A full-time Program
Manager shall be appointed who shall have sufficient corporate
authority to assure that contract cost, schedule and technical
requirements are fully met.

2.8.1 Program Reviews

Periodic reviews shall be held to communicate the status of the
program and facilitate recommendations and changes (if needed).
Additional reviews and meetings shall be scheduled as needed.
The location of program reviews and meetings shall be determined
by mutual consultation and approval.

2.8.2 Configuration Management

Spacecraft contractor shall establish, implement and maintain a
configuration management system to ensure that all applicable
changes are reviewed in a systematic manner to determine their
impact on performance, schedule and cost.

2.8.3 Project Schedules

The spacecraft contractor shall establish, implement and
maintain a resource management system for planning authorizing
and controlling all the resources of the MUADEE program. Such
work will be documented on schedules which will provide
immediate visibility into manpower, cost and performance.
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1.0 Introduction

Section 2.0 contains Version 1.0 of the MAUDEE Mission Operation Document
(MOD). The MOD contains the currently defined mission rules, operational
procedures and commands needed to control the spacecraft, its subsystem and the
science payload. As the subsystems, science instruments and science mission
definitions mature, and as construction, testing and training proceed, the MOD will
continually be expanded and be upgraded.



MAUDEE
Mission Operations Document

Version 1.0

Alan Binder
Mission Operations Manager
Feb. 4, 1994

MAUDEE MOD, Version 1.0, Feb. 4, 1994



1. General Mission Rules

MAUDEE MOD, Version 1.0, Feb. 4, 1994



. 1.1. The Spacecraft will always be kept in a fail-safe condition.

1.1.1.

1.1.2.

1.1.3.

1.1.4.

1.1.5.

1.1.6.

The Science Instruments will be turned to standby or, if
necessary, off during periods of non-nominal Spacecraft
conditions.

The Spacecraft Communication Subsystem will be switched to
the 8 bps, engineering data rate downlink mode using the omni
antenna during non-nominal Spacecraft conditions.

Any Science Instrument which fails to function properly will
be turned off for the duration of the mission or until the failure
can be corrected.

Any Spacecraft Subsystem, for which there is a backup, which
fails to function properly will be turned off for the duration of
the mission or until the failure can be corrected.

Mars orbital maneuvers will be conducted in a manor to
minimize the possibility that the Spacecraft to enter the Martian
atmosphere.

Electrical power usage will never be such that the battery depth
of discharge is >60%.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



1.2. Uplink Commands

1.2.1.

1.2.2.

1.2.3.

1.2.4.

The Mission Director shall possess override authority for all
commands in all instances.

All commands issued to the Spacecraft will be issued through
the Command Officer, after authorization by the on-duty Flight

Director.

All commands must be verified by the Verification Team before
being uplinked to the Spacecraft.

Nominal Uplink Commands

1.2.4.1.
1.2.4.2.

1.2.4.3.

Uplink activities will occur within view of a tracking station with

command capability.

No commands, except fail-safe commands, will be uplinked

during the 10 minute plus light time S/C check-out period

following S/C acquisition after loss of signal, due to occultation
or any other event.

Command Sequence

* Each uplink command or command series will be verified by the S/C
before the command or command series is accepted by the S/C.

 Immediately after S/C acceptance of a command or command series, the
command or command series will be transmitted to Earth for verification
by the Command Officer and the Verification Team.

« If the command or command series found to be incorrect by the Command
Officer and the Verification Team, the command uplink procedure will be
repeated until the command or command series is properly accepted by the
S/IC.

* When the command or command series is correct, it will be carried out or
stored for later execution.

* There will be a 10 minute plus light time S/C check-out period after each
command or command series that is uplinked. No further commands or
command series can be uplinked or executed during these 10 minutes plus
light time.

* Uplink of a command or command series may not occur if a loss of signal
is expected, due to the occultation of the S/C or any other event, before the
end of the 10 minute plus light time verification period.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



2. Nominal Mission Operations

MAUDEE MOD, Version 1.0, Feb. 4, 1994



‘ 2.1. Launch Through Spacecraft Separation/Turn On

2.1.1. During launch the Spacecraft will be in a low or no power,
survival mode in which the Spacecraft neither transmits data
nor receive commands.

2.1.2. Prior to third stage ignition, the Spacecraft and the third stage
will be spun up to TBD rpm by a launch vehicle subsystem.

2.1.3. At separation from its launch booster, the Spacecraft and all its
subsystems, except the Science Instruments, will be turned on.
Using the omni antenna, the Spacecraft will transmit
engineering data at the 10 kbps data rate and receive
commands.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



2.2. Trans-Mars Coast

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.

2.2.6.

The 20 minute period immediately after separation will be used
to determine the condition of the Spacecraft and all of its
engineering subsystems.

20 minutes after separation, the high gain antenna will be
deployed.

The Spacecraft will be spun down to 3 rpm 10 minutes after
antenna deployment.

10 minutes after spin down, the Spacecraft will be reoriented
from its launch orientation to its cruise attitude with +Z in the
north direction of the Mars transfer orbit.

Science Instruments

2.2.5.1. The Science Instrument initial turn on sequence will begin 10
minutes after the Spacecraft is in its cruise attitude (see 3.).

2.2.5.2. The Science Instruments will be turned on once per month
during the cruise (see 3.).

There will be 3 trajectory correction maneuvers.
2.2.5.1. The first Trajectory Correction Maneuver will occur 2 week after

launch.

2.2.5.2. The second Trajectory Correction Maneuver will occur 8 weeks
before Mars orbit injection.

2.2.5.3. The third Trajectory Correction Maneuver will occur 1 month
before Mars orbit injection.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



2.3. Mars Orbit Insertion Maneuver

2.3.1.

2.3.2.

2.3.6.

The MOI maneuver sequence will consist of one burn centered
on the periapsis passage of the incoming hyperbolic orbit.

The MOI Burn

2.3.2.1.

2.3.2.2.

The MOI burn will put the S/C into its initial elliptical capture
orbit.

* 250 km altitude periapsis.

+ 33,100 km altitude apoapsis.

* 99.5 deg. inclination.

« 1 day period.

S/C preparations, the uplink, storage and verification of the burn
commands for the MOI maneuver must all be completed no
less than 3 days before loss of signal as the S/C is occulted
by the Mars during its approach to its first periapsis passage or
before the burn begins, which ever comes first.

MOI burn duration must be less than 35 minutes.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



. 2.4. Mars Orbit

2.4.1. Imitial Orbital Operations
2.4.1.1. The S/C will remain in its MOI burn/aerobraking attitude during
this entire phase.
2.4.1.2. Preparations for aerobraking will begin 2 days after MOIL:

* Periapsis altitude will be lowered in three or more steps down to the
altitude required to reduce the apoapsis altitude to 2500 km in 150 days or
less.

* The periapsis adjustment burns will occur no more frequently than once
every two orbits.

» Science Instruments will be on stand or OFF by during all burn sequences.

2.4.1.3. Science data will be collected every orbit (see 3.).
2.4.1.4. The spin rate of the S/C will be 3 rpm.
2.4.2. First Aerobraking Phase (approximately 145 days)

2.4.2.1. The S/C will be in its aerobraking attitude during this entire
phase.

2.4.2.2. Periapsis altitude adjustment burns will be made as required to
keep the apoapsis decay rate at the desired value.

2.4.2.3. Aerobraking will end when the apoapsis altitude is 2500 km.

2.4.2.4. Periapsis altitude will be increased to approximately 130 km
when the 2500 km apoapsis altitude is reached.

2.4.2.5. Science data will be collected every orbit (see 3.).

2.4.2.6. The spin rate of the S/C will be 3 rpm.

atitude Survey Phase (approximately 480 days)
4.3.1. The S/C will be in its cartwheel attitude during this entire phase.
 The spin axis of the S/C will be 90+/- 5 deg. to the plane of its orbit.
« S/C attitude adjustment maneuvers will be made as required to keep the
90+/- deg. cartwheel attitude as the orbit percesses.
2.4.3.2.  Orbit adjustment burns will be made as required to keep the
apoapsis at 2500.
2.4.3.3. S/C Spin Rates
« The S/C will have a 3 rpm spin rate when science data are not acquired.
* The S/C will bave a 1 rp-orbit spin rate when science data are acquired.
2.4.3.4. Science data will be collected every 4 orbits during this phase
(see 3.).
2.4.3.5. Solar Conjunction
* There will be a period around solar conjunction (approximately 40 days)
near the middle of this phase when communications with the S/C are not
possible..
» The S/C will be put in its hibemnation mode during the solar conjunction
iod.
. lI"tt'mrequxtt',d, the periapsis altitude will be raised to a “safe altitude” during
the solar conjunction period.

. 2.4.3. L
2.

2.4.4. Second Aerobraking Phase (approximately 30 days)
2.4.4.1. The S/C will be in its acrobraking attitude during this entire
phase.
2.4.4.2. Periapsis Altitude
* Periapsis altitude will be lowered in one or more steps down to the altitude
required to reduce the apoapsis altitude to 200 km in 30 days or less.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



2.4.5.

2.4.6.

NN
&
o

3.
4.

Diurn
2.4.5.1.

H

2.4.5.2.
2.4.5.3.

2.4.5.4.

» Periapsis altitude adjustment burns will be made as required to keep the
apoapsis decay rate at the desired value.

* Periapsis altitude will be increased to 200 ki when the 20 km apoapsis
altitude is reached..

Science data will be collected during every 4 orbits (see 3.).

The spin rate of the S/C will be 3 rpm.

Phase (approximately 120 days)
The S/C will be in its cartwheel attitude during this entire phase.
* The spin axis of the S/C will be 90+/- 5 deg. to the plane of its orbit.
* S/C attitude adjustment maneuvers will be made as required to keep the

90+/- deg. cartwheel attitude as the orbit percesses.

Orbit adjustment burns will be made as required to keep the orbit
circular at 200.
S/C Spin Rates
* The S/C will bave a 3 rpm spin rate when science data are not acquired.
* The S/C will bave a 1 rp-orbit spin rate when science data are acquired.
Science data will be collected every 4 orbits during this phase
(see 3.).

End of Mission - Quarantine Orbit

2.4.6.1.
2.4.6.2.
2.4.6.3.

After the end of the Diurnal Phase, the Spacecraft will be put
into a 250 x 1000 km altitude quarantine orbit.

The S/C will be oriented with its spin axis perpendicular to the
Martian heliocentric orbit.

The S/C will be put into its hibernation mode.

MAUDEE MOD, Version 1.0, Feb. 4, 1994



3. Nominal Science Operations
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3.1. Science Mission

3.1.1.

3.1.2.

Science Suspension

3.1.1.1.
3.1.1.2.

3.1.1.3.
3.1.1.4.
3.1.1.5.

Suspension of nominal science activities shall be minimized.
Science activities will be suspended during the operational
phases of:

* Attitude maneuvers.

* Trajectory correction maneuvers.

* Mars orbit insertion maneuvers.

* Mars orbit periapsis and apoapsis correction maneuvers,

« Spin up/down maneuvers.

Science activities will be suspended when required by power
and downlink constraints.

Science activities will be suspended during Solar Conjunction
blackout.

Science activities will be suspended at the End of Mission, when
the S/C is put into its quarantine orbit.

Nominal Science Data Acquisition

3.1.2.1.

3.1.2.2.

3.1.2.3.

3.1.2.4.

3.1.2.5.

Trans-Mars Cruise Phase

» The VMAG will collect data for 7 days every 4 weeks (see 3.).

» The EUV will collect data for once per day (see 3.).

* No other Science Instruments will collect Science Data .

Initial Orbital Phase

*» The FPI and UVS sensors will collect data every orbit when the S/C is at
altimdes <1000 km around periapsis passage.

* The UVS sensors will collect full disk scan imaging data of Mars every
orbit when the S/C is near apoapsis passage.

« The IP sensor will collect data every orbit when the S/C is both at
altitudes <1000 km around periapsis passage and on the day side of Mars.

* The NMS, RPA/IDA and LP/EUYV sensors will collect data every orbit
when the S/C is within +/-30 minutes of periapsis passage.

*» The VMAG will collected data during the entire orbit (when allowed by
power and downlink constraints).

First Aerobraking Phase

» The FPI and UVS sensors will collect data every orbit when the S/C is at
altimdes <1000 km around periapsis passage.

* The UVS sensors will collect full disk scan imaging data of Mars every
orbit when the S/C is near apoapsis passage.

* The IP sensor will collect data every orbit when the S/C is both at
altitudes <1000 km around periapsis passage and on the day side of Mars.

» The NMS, RPA/IDA and LP/EUYV sensors will collect data every orbit
when the S/C is within +/-30 minutes of periapsis passage.

* The VMAG will collected data during the entire orbit (when allowed by
power and downlink constraints).

Latitude Survey Phase

* Science data will be acquired on each orbit allowed by the power and
downlink constraints, but never less frequent than once every 4 orbits.

* The FPI and UVS sensors will collect data when the S/C is at altitudes
<1000 km around periapsis passage.

* The IP sensor will collect data when the S/C is both at altitudes <1000 km
around periapsis passage and on the day side of Mars.

* The NMS, RPA/IDA, LP/EUV and VMAG sensors will collect data when
the S/C is within +/-30 minutes of periapsis passage.

Second Aerobraking Phase
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3.1.2.6.

* Science data will be acquired on each orbit allowed by the power and
downlink constraints, but never less frequent than once every 4 orbits.

* The FPI and UVS sensors will collect data when the S/C is at altitudes
less <1000 km around periapsis passage.

* The IP sensor will collect data when the S/C is both at altitudes less
<1000 km around periapsis passage and on the day side of Mars.

* The NMS, RPA/IDA, LP/EUV and VMAG sensors will collect data when
the S/C is within +/-30 minutes of periapsis passage or at altitudes <1000

km.

Diurnal Survey Phase

* Science data will be acquired on each orbit allowed by the power and
downlink constraints, but never less frequent than once every 4 orbits.

* The FPI, UVS, NMS, RPA/IDA, LP/EUV and VMAG sensors will
coliect data continuously during the allowable orbit(s).

* The IP sensor will collect data when the S/C is on the day side of Mars
during the allowable orbit(s).
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‘ 3.2. Science Instrument Sequences

3.2.1. Initial Turn On Sequence
3.2.1.1. Plasma Instrument Package
* The PIP will be switched ON within 2 hours after TMI for an initial 1 day
instrument checkout.
* The VMAG will collect 7 days of data in the geomagnetic field and
interplanetary field 10 minutes after the PIP is switched ON.
* The EUVs will start collecting data once per day 10 minutes after the
VMAG is switched ON.
| * The LPs be deployed and switched ON for an initial 1 day checkout 10
: minutes after the NMS cap is broken off (Note: after MOI, see 3.2.1.2.).
3.2.1.2. Neutral Atmosphere Package
* The NAP will be switched ON within 2 hours after MOI for an initial 1
day instrument checkout.
* The FPI will be umed ON for check out 10 minutes after the NAP is
switched ON.
* The covers of the FPI telescopes will be deployed 10 minutes after the FPI
is switched ON.
* The NMS will be turned ON for checkout 10 minutes after the covers of
the FPI telescopes are deployed.
* The NMS cap will be broken off 10 minutes after the covers of the NMS
is switched ON.
3.2.1.3. Scanning Imaging Package
* The SIP will be switched ON 1 day after TMI for an initial 1 day
\ instrument checkout.
‘ * The IP will be tumed ON for check out 10 minutes after the SIP is
‘ switched ON
» The cover of the IP will be deployed 10 minutes after the IP is switched
ON.
» The UVS will be switched ON for checkout 10 minutes after the IP cover
is deployed.

3.2.2. Nominal Trans-Mars Cruise Operations
3.2.2.1. Plasma Instrument Package
» The VMAG will collect data for 7 days every 4 weeks,
* TheRPA/IDM will have a health chech once every 4 weeks.
» The EUV will collect data once per day.
Neutral Atmosphere Package will be OFF during cruise.
Scanning Imaging Package
*» The NMS will collect calibration data for 8 hours once every 4 weeks.
* The LP will collect calibration data once every 4 weeks

WL
b
N
W N

3.2.3. Nominal Mars Orbit Operational Sequences
3.2.3.1. Aerobraking Mode:
* NAP, TBD.
« SIP, TBD.
« PIP, TBD.
Cartwheel Spin Mode:
* The FPI and UVS sensors will coliect data when the S/C is at altitudes
<1000 km around periapsis passage.
* The IP sensor will collect data when the S/C is both at altitudes <1000 km
around periapsis passage and on the day side of Mars.
* The NMS, RPA/IDA, LP/EUV and VMAG sensors will collect data when
‘ the S/C is within +/-30 minutes of periapsis passage.

w
[ 8]
w
%
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‘ 3.2.4. Magnetometer Boom Deployment Sequence TBD
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3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3. Science Instrument Operations

All Science Instruments operational commands, not related
directly to Spacecraft/Mission operations, will be initiated
within the on-duty Command and Control Team by the Science
Flight Controller at the request of the Science Teams.

Neutral Atmosphere Package Commands

3.3.2.1.

3.3.2.2.

3.3.2.3.

NAP

*ON.

* OFF.

FPI

*ON.

» OFF.

* Deploy Telescopes’ Covers.
* Calibrate.
NMS

*ON.

» OFF.

* Break off cap.
* Neutral ON.

* Neutral OFF.
* Ion.

Scanning Imaging Package Commands
IP

3.3.3.1.

3.3.3.2.

3.3.3.3.

* ON.

» OFF.

UVS

*ON.

» OFF.

* Spectral Mode.
* Wavelength Mode.
* Stare Mode.
 Imaging Mode.
IP

*ON.

» OFF.

* Deploy Cover.
* Wavelength.

Plasma Instrument Package Commands

3.34.1.

3.3.4.2.

3.3.4.3.

PIP

*ON.

* OFF.
RPA/IDM

* ON.

* OFF.

» Mass Search.
* RPA Scan.

* Analyzer Scan.
LP/EUV
*LPON.

¢ LP OFF.

* LP Deploy.
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3.3.44. VMAG
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4. Nominal Spacecraft Operations
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‘ 4.1. Propulsion Sequences

4.1.1.

4.1.2.

4.1.3.

4.1.4.

Trajectory Correction Maneuvers
4.1.1.1. All trajectory comection maneuvers will be done line-of-sight
with the command uplink station.
4.1.1.2. Engine Selection
*TBD
*TBD
4.1.1.3. Pre-bum Sequence
*TBD
«TBD
4.1.1.4. Burn Sequence
*TBD
*TBD
4.1.1.5. Post-bumn Sequence
*TBD
«TBD

Mars Orbit Insertion Maneuver
4.1.2.1. Engine Selection
*TBD
*TBD
4.1.2.2. Pre-burn Sequence
*TBD
«TBD
4.1.2.3. Bum Sequence
*TBD
*TBD
4.1.2.4. Post-bum Sequence
«TBD
*TBD

Mars Orbit Maneuvers
4.1.3.1. Engine Selection
«TBD
*TBD
4.1.3.2. Pre-bumn Sequence
*TBD
*TBD
4.1.3.3. Bumn Sequence
*TBD
*TBD
4.1.3.4. Post-burn Sequence
*TBD
*TBD

Spacecraft Reorientation
4.1.4.1. All S/C reorientation maneuvers will be done line-of-sight with a
command uplink station.
4.1.4.2. Engine Selection
*TBD
*TBD
4.1.4.3. Pre-burn Sequence
*TBD
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*TBD

4.1.4.4. Bum Sequence
«TBD
«TBD

4.1.4.5. Post-burn Sequence
«TBD
«TBD

4.1.5. Spacecraft Spin Up/Down
4.1.5.1.  All Spin Up/Down maneuvers will be done line-of-sight with a
command uplink station.
4.1.5.2. Engine Selection
«TBD
«TBD
4.1.5.3. Pre-burn Sequence
*TBD
«TBD
4.1.5.4. Burn Sequence
*TBD
*TBD
4.1.5.5. Post-burn Sequence
«TBD
«TBD
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4.2. Attitude Control

4.2.1.
4.2.2.

4.2.3.

4.2.4.

4.2.5.

4.2.6.

4.2.7.

4.2.8.

Spacecraft Reorientation (see 4.1.4.).
Spacecraft Spin Up/Down (see 4.1.5.).

Horizon Scanners
42.3.1. TBD
*TBD
«TBD
4.2.3.2. TBD
«TBD
*TBD
4.2.3.3. TBD
«TBD
«TBD

Sun Sensors

42.4.1. TBD
*TBD
*TBD

42.42. TBD
«TBD
*TBD

Star Scanners
42.5.1. TBD
«TBD
*TBD
42.52. TBD
*TBD
*TBD

4.2.6.1. TBD
*TBD
*TBD
4.2.6.2. TBD
+TBD
+TBD

Reaction Wheel
42.7.1. TBD
*TBD
*TBD
4.2.7.2. TBD
«TBD
*TBD

ACS Thrusters

42.8.1. TBD
*TBD
«TBD
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‘ 4.3. Deployment Sequences

4.3.1. High Gain Antenna (see 4.5.3.2.)

4.3.2. Magnetometer Boom

43.2.1. TBD
4.3.2.2. TBD
4.3.3. Langmuir Probes
433.1. TBD
4.3.3.2. TBD
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‘ 4.4. Command and Data Management

4.4.1.

4.4.2.

4.4.3.

IEU

44.1.1. TBD.

44.1.2. TBD.

Realtime Command Sequence
44.2.1. TBD.

4422 TBD.

4423 TBD.

Stored Command Sequence
443.1. TBD.

443.2. TBD.

443.3. TBD.
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. 4.5. Communications

4.5.1.

4.5.2.

4.5.3.

Transmitter Selection

45.1.1. TBD.

4.5.1.2. TBD.

Recievers

4.5.2.1. TBD.

4.5.2.2. TBD.

Antennas

4.5.3.1. High Gain Antenna deployment will be done line-of-sight with a
command uplink station.

4.5.3.2. High Gain Antenna Deployment Sequence

* Enable squib drivers.

* Arm antenna release squib.

* Fire antenna release squib.

« Disable squib drivers.

4.5.3.3. High Antenna Utilization

« The high gain antenna is the primary downlink antenna.

» The high gain antenna is primarily used for transmitting the 10, 20 and 40
kbps, high power, science downlink signal when the S/C is in its nominal
orientations and when the ground tracking stations are in its antenna
pattern.

* The high gain antenna can be used to downlink the low power, TBD bps
data rate.

* The high gain antenna is the primary uplink antenna.

4.5.3.4. Omni Antenna Utilizationp P

* The omni antenna is the backup uplink antenna.
* The omni antenna is used for both uplink and downlink of the low power,
TBD bps data rate at all times the S/C is not in its nominal orientation.
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. 4.6. Electrical Power

4.6.1. Electrical power usage will never cause the batteries to
discharge greater than 60% depth of discharge.

4.6.2. Integrated Bus Electronics

1 4.6.2.1. TBD
‘ * TBD.
+ TBD.
4.6.2.2. TBD
4.6.3. Solar Array
4.6.3.1. TBD
* TBD.
* TBD.
4.6.3.2. TBD
4.6.4. Power Distribution Electronics
4.6.4.1. TBD
* TBD.
«TBD.
4.6.4.2. TBD
4.6.5. Pyro Control Unit
. 4.6.5.1. TBD
« TBD.
*TBD.
4.6.5.2. TBD
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5. Check-Out Proceedures
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6. Non-Nominal Operations
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6.1. General Rules

6.1.1.

6.1.2.

6.1.3.

Non-Nominal Operations can be carried out only under the
management of the on-duty Flight Director and the Mission
Director.

Spacecraft conditions require immediate action to secure a fail-
safe Spacecraft condition.

During non-critical, Non-Nominal Operations the Spacecraft
will be put in the "Appropriate Fail-Safe Mode" while the
anomalous conditions are being analyzed by the Spacecraft
Engineering Support Team. The Appropriate Fail-Safe Mode
is that deemed correct by the Spacecraft Engineering Support
Team, the on-duty Flight Director and the Mission Director for
that particular anomaly (also see 1.?.).
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1.0 Introduction

Section 2.0 contains the timeline for the MUADEE mission. The timeline starts with
the launch of MUADEE and continues through the end of the mission 1073 days
after launch. The timeline gives the day, hour, and minute when each event occurs,
a short description of the event, and the operational manpower and tracking
requirements needed throughout the mission.



2.0 Mission Timeline
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MAUDEE Mission Timeline 1.0

Jan. 20, 1994
Time Event Ops Req.
day/hr/min
LAUNCH / CRUISE PHASE
000/00/00 Launch 3 shifts, Full Ops
teams, for 7
000/00/27 S/C separation, Initiate 7 day check out,
day systems checkout period, Continous S/C
transmitting on Omni at low tracking for nav.
power and low data rate until 3 days
after 1st TCM
000/00/47 Deploy high gain antenna
000/00/57 Open latch valves
000/01/07 Despin S/C to 3 RPM
000/01/17 Put S/C in cruise attitude with
+Z in the north direction of the
Mars transfer orbit
000/01/40 Close latch valves
000/01/50 Deploy VMAG boom
000/02/00 Switch to high data rate
000/02/10 Turn VMAG ON to collect
cal data in geomagnetic field
and interplantary space and
for checkout
000/02/20 Deploy LP booms
000/02/30 Turn LP ON for checkout
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000/03/30
000/03/40
000/04/40
000/05/50
000/06/50
000/07/00
000/08/00
000/08/10
000/09/10
000/09/20
000/10/20

007/00/00

007/00/10

014/00/00
014/04/00

014/08/00

017/00/00

021/00/00

021/08/00

Tum LP OFF

Turm RPA/IDM ON for checkout
Turm RPA/IDM OFF

Tum NMS ON for checkout
Tum NMS OFF

Turn IP ON for checkout
Turmn IP OFF

Tum UVS ON for checkout
Tum UVS OFF

Turn FPI ON for checkout
Tum FPI OFF

Turm VMAG OFF, End of check
out period and cal data coll.

Switch to low data rate

Uplink 1st TCM commands

Ist TCM

A.B. Binder, LESC, Jan. 20, 1994

3 shift passive
monitoring

8 hour shift,
full ops team

3 shift passive
monitoring for
3 days for nav.
No ops.

8 hour Nav and
S/C monitoring

No ops



028/00/00 Tum VMAG ON to coliect 8 hour Nav and
cal data interplantary space and S/C monitoring

for checkout, store 7 days data and Sci check

028/00/10 Turn LP ON for checkout

028/00/20 Turn RPA/IDM ON for checkout

028/00/30 Tum NMS ON for checkout

028/00/40 Turn IP ON for checkout

028/00/50 Tum UVS ON for checkout

028/01/00 Turn FPI ON for checkout

028/01/10 Tum LP OFF

028/01/20 Turn RPA/IDM OFF

028/01/30 Tum NMS OFF

028/01/40 Turn IP OFF

028/01/50 Tum UVS OFF

028/02/00 Tum FPI OFF No Ops

035/00/00 Switch to high data rate Weekly 8 hr
Nav and S/C
monitoring

035/00/10 Down link stored VMAG data

035/08/00 Switch to low data rate No ops

042/00/00 Weekly 8 hr
Nav and S/C
monitoring

042/08/00 Nb ops
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049/00/00

049/08/00
056/00/00

056/00/20

056/00/30
056/00/40
056/00/50
056/01/00
056/01/10
056/01/20
056/01/20
056/01/30
056/01/40
056/01/50
056/02/00
056/02/10
056/04/00

056/08/00

057/00/00

Weekly 8 hr
Nav and S/C
monitoring
No ops

Uplink 2nd TCM commands 8 hour shift,

Full ops team
Tum VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Tumn LP on for checkout

Tum RPA/IDM ON for checkout
Tum NMS ON for checkout

Turn IP ON for checkout

Turm UVS ON for checkout

Tum FPI ON for checkout

Tum LP OFF

Tum RPA/IDM OFF

Tum NMS OFF

Tumn IP OFF

Tum UVS OFF

Tum FPI OFF

2nd TCM
3 shift passive
monitoring for
3 days for nav.

No ops
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063/00/00

063/00/10
063/08/00

070/00/00

070/08/00

077/00/00

077/08/00

084/00/00

084/00/10
084/00/20
084/00/30
084/00/40
084/00/50
084/01/00
084/01/10
084/01/20

084/01/30

Switch to high data rate

Down link stored VMAG data

Switch to low data rate

Turmn VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Tum LP on for checkout

Tum RPA/IDM ON for checkout
Tum NMS ON for checkout

Turn IP ON for checkout

Turm UVS ON for checkout

Tum FPI ON for checkout

Tum LP OFF

Tum RPA/IDM OFF

Tum NMS OFF

A.B. Binder, LESC, Jan. 20, 1994

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

8 hour Nav and

S/C monitoring
and Sci check



084/01/40
084/01/50
084/02/00

091/00/00

091/00/10
091/08/00

098/00/00

098/08/00

105/00/00

105/08/00

112/00/00

112/00/10
112/00/20
112/00/30
112/00/40
112/00/50
112/01/00

112/01/10

Tum IP OFF
Tum UVS OFF
Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate

Tum VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Turn LP on for checkout

Tum RPA/IDM ON for checkout
Tum NMS ON for checkout

Turn IP ON for checkout

Turn UVS ON for checkout

Tum FPI ON for checkout

Tum LP OFF
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No Ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

8 hour Nav and

S/C monitoring
and Sci check



112/01/20
112/01/30
112/01/40
112/01/50
112/02/00

119/00/00

119/00/10

119/08/00

126/00/00

126/08/00

133/00/00

133/08/00

140/00/00

140/00/10
140/00/20

140/00/30

Tum RPA/IDM OFF
Tum NMS OFF
Tum IP OFF

Tum UVS OFF
Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate

Turn VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Turm LP on for checkout

Turn RPA/IDM ON for checkout

Turmn NMS ON for checkout
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No Ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

8 hour Nav and

S/C monitoring
and Sci check



140/00/40
140/00/50
140/01/00
140/01/10
140/01/20
140/01/30
140/01/40
140/01/50
140/02/00

147/00/00

147/00/10

147/08/00

154/00/00

154/08/00

161/00/00

161/08/00

168/00/00

168/00/10

Turn IP ON for checkout
Turn UVS ON for checkout
Turn FPI ON for checkout
Tum LP OFF

Tum RPA/IDM OFF

Tum NMS OFF

Turmn IP OFF

Tum UVS OFF

Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate

Turn VMAG ON to collect
cal data interplantary space and
for checkout, store 7 days data

Turn LP on for checkout
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No Ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops
Weekly 8 hr

Nav and S/C
monitoring

No Ops

8 hour Nav and
S/C monitoring

and Sci check



168/00/20
168/00/30
168/00/40
168/00/50
168/01/00
168/01/10
168/01/20
168/01/30
168/01/40
168/01/50
168/02/00

175/00/00

175/00/10

175/08/00

182/00/00

182/08/00

189/00/00

189/08/00

Tum RPA/IDM ON for checkout

Turn NMS ON for checkout
Turn IP ON for checkout
Tum UVS ON for checkout
Tum FPI ON for checkout
Tum LP OFF

Turn RPA/IDM OFF

Tum NMS OFF

Tum IP OFF

Tum UVS OFF

Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate
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No Ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops
Weekly 8 hr
Nav and S/C

monitoring

No ops



196/00/00

196/00/10
196/00/20
196/00/30
196/00/40
196/00/50
196/01/00
196/01/10
196/01/20
196/01/30
196/01/40
196/01/50
196/02/00

203/00/00

203/00/10

203/08/00

210/00/00

210/08/00

Turn VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data

Tum LP on for checkout

Turmn RPA/IDM ON for checkout

Tum NMS ON for checkout
Turn IP ON for checkout
Tum UVS ON for checkout
Turn FPI ON for checkout
Tum LP OFF

Tum RPA/IDM OFF

Tum NMS OFF

Tum IP OFF

Tum UVS OFF

Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate
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8 hour Nav and
S/C monitoring
and Sci check

No Ops
Weekly 8 hr

Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops



217/00/00

217/08/00

224/00/00

224/00/10
224/00/20
224/00/30
224/00/40
224/00/50
224/01/00
224/01/10
224/01/20
224/01/30
224/01/40
224/01/50
224/02/00

231/00/00

231/00/10

231/08/00

Tum VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Turm LP on for checkout

Turn RPA/IDM ON for checkout
Turn NMS ON for checkout

Turn IP ON for checkout

Turn UVS ON for checkout

Turmn FPI ON for checkout

Tum LP OFF

Turm RPA/IDM OFF

Tum NMS OFF

Tum IP OFF

Tum UVS OFF

Tum FPI OFF

Switch to high data rate

Down link stored VMAG data

Switch to low data rate
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Weekly 8 hr
Nav and S/C
monitoring

No ops
8 hour Nav and

S/C monitoring
and Sci check

No Ops
Weekly 8 hr

Nav and S/C
monitoring

No ops



238/00/00

238/08/00

245/00/00

245/08/00

252/00/00

252/00/10
252/00/20
252/00/30
252/00/40
252/00/50
252/01/00
252/01/10
252/01/20
252/01/30
252/01/40
252/01/50
252/02/00

259/00/00

Tum VMAG ON to collect

cal data interplantary space and
for checkout, store 7 days data
Turn LP on for checkout

Turm RPA/IDM ON for checkout
Tum NMS ON for checkout

Turn IP ON for checkout

Tum UVS ON for checkout

Turn FPI ON for checkout

Tum LP OFF

Turn RPA/IDM OFF

Tum NMS OFF

Turn IP OFF

Tum UVS OFF

Tum FPI OFF

Uplink 3rd TCM commands
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Weekly 8 hr
Nav and S/C
monitoring

No ops

Weekly 8 hr
Nav and S/C
monitoring

No ops

8 hour Nav and

S/C monitoring
and Sci check

No Ops

8 hour shift,



259/04/00

259/08/00

262/00/00

266/00/00

266/08/00

273/00/00

273/08/00

280/00/00

280/00/10
280/00/20
280/00/30
280/00/40
280/00/50
280/01/00
280/01/10
280/01/20

280/01/30

full ops team
3rd TCM

3 shift passive
monitoring for
3 days for nav.
No ops.
Weekly 8 hr
Nav and S/C
monitoring
No ops
Weekly 8 hr
Nav and S/C
monitoring
No ops

Tum VMAG ON for checkout 8 hour Nav and
S/C monitoring
and Sci check

Tum LP on for checkout

Turm RPA/IDM ON for checkout

Tum NMS ON for checkout

Turn IP ON for checkout

Turn UVS ON for checkout

Tum FPI ON for checkout

Tum VMAG OFF

Tum LP OFF

Turn RPA/IDM OFF
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280/01/40
280/01/50
280/02/00
280/02/10

287/00/00

Tum NMS OFF

Tum IP OFF

Tum UVS OFF

Tum FPI OFF No Ops

Begin MOI preparations 3 shifts, Full Ops
teams for next
153 days, Start
Continuous

Tracking

ARRIVAL AT MARS / MOI / INITIAL ORBITAL OPERATIONS

289/23/45

290/00/00
290/00/15
290/00/25
290/00/50
290/01/10

290/08/00

290/12/00
290/23/25
290/23/45
291/00/00

291/00/15

Start MOI burn to 1 day,
33,100 x 250 km orbit

PERIAPSIS

End MOI Bum

Put S/C in Cartwheel Orientation
Put in 1 RPO Mode

Tum VMAG ON

Turm UVS ON to make Full-Disk
Apoapsis Scan

APOAPSIS, Tum UVS OFF
Turn NMS ON for warmup
Turn Sci. Instruments ON
PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON
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291/00/25
291/02/00
291/04/29

291/07/50

291/11/50

291/12/00

291/23/22
291/23/42
291/23/57

292/00/12

292/00/22
292/02/00
292/04/29

292/07/44

292/11/44
292/11/54
292/23/20
292/23/40

292/23/50

Put in 5 RPM Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Tum UVS ON to make Full-Disk
Apoapsis Scan

Tum UVS OFF

APOAPSIS, Small Burn to drop
periapsis to 130 km, P = 23h 53.5m

Turm NMS ON for warmup
Turn Sci. Instruments ON
PERIAPSIS

Turn Sci. Instruments OFF, but
leave VMAG ON

Put in 1 RPO Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Tum UVS ON to make Full-Disk
Apoapsis Scan

Tum UVS OFF

APOAPSIS

Tum NMS ON for warmup
Tum Sci. Instruments ON

PERIAPSIS

A.B. Binder, LESC, Jan. 20, 1994




293/00/05

293/00/15
293/02/00
293/04/29

293/07/37

293/11/37

293/11/47

293/23/09
293/23/29
293/23/44

293/23/09

294/00/10
294/02/00
294/04/29

294/07/30

294/11/30
294/11/40
294/23/02

294/23/22

Tum Sci. Instruments OFF, but
leave VMAG ON

Put in 5 RPM Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Tum UVS ON to make Fuli-Disk
Apoapsis Scan

Tum UVS OFF

APOAPSIS, Small Burn to drop
periapsis to 120 km, P = 23h 53.0m

Turm NMS ON for warmup
Tum Sci. Instruments ON
PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON

Put in 1 RPO Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Turn UVS ON to make Full-Disk
Apoapsis Scan

Tum UVS OFF
APQAPSIS
Turn NMS ON for warmup

Turn Sci. Instruments ON
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294/23/37

294/23/52

295/00/02
295/02/00
295/04/29

295/07/23

295/11/23

295/11/33

295/22/55
295/23/15
295/23/30

295/23/45

295/23/55
296/02/00
296/04/29

296/07/16

296/11/16

296/11/26

PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON

Put in 5 RPM Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Tum UVS ON to make Full-Disk
Apoapsis Scan

Tum UVS OFF

APOAPSIS, Small Burn to drop

periapsis to 115 km, P = 23h 52.8m
AEROBRAKING PHASE

Turn NMS ON for warmup

Tumn Sci. Instruments ON

PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON

Put in 1 RPO Mode
Start Transmitting Sci. Data
Stop Transmitting Sci. Data

Tum UVS ON to make Fuli-Disk
Apoapsis Scan

Tum UVS OFF

APOAPSIS
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Timeline continues approximately like this for next 144 days or so, i.e.,
during all the aerobraking until the apoapsis is at 2500 km altitude
(period = 2h 44m). Note, because the orbital period decreases, the data
transmission time also decreases since less VMAG data are acquired per
orbit and because of power constraints, data can not be taken every orbit.
Also, UVS apoapsis Full-Disk scans are not made when the. apoapsis
altitude drops below 3400 km. Downlink data rated drops from 20 kbps to
10 kbps on day 395. As the orbit precesses the spacecraft must be
periodically reoriented to keep it in the correct Cartwheel orientation.
There will be 3 shifts, full ops and continuous tracking during this entire
period.

440/03/38 Turn Transmitter OFF (Stored
Data Downlinked)
440/04/06 APOAPSIS, Small Burn to raise
periapsis to 130 km, Apoapsis
= 2500 km, P = 2h 44m End Continuous

Ops and Tracking

LATITUDE SURVEY PHASE (TAKE DATA EVERY 4TH ORBIT)

440/04/48 Tum NMS ON for warm up No Ops
440/05/08 Turmn Sci. Instruments ON
440/05/28 PERIAPSIS
440/05/48 Tum Sci. Instruments OFF, but
leave VMAG ON
440/06/50 APOAPSIS
440/07/52 Tum VMAG OFF
440/08/12 PERIAPSIS
440/09/34 APOAPSIS
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440/10/56 PERIAPSIS

440/12/18 APOAPSIS
440/13/40 PERIAPSIS
440/15/02 APOAPSIS
440/15/54 Tum NMS ON for warm up
440/16/04 Tum Sci. Instruments ON
440/16/24 PERIAPSIS
440/16/44 Tum Sci. Instruments OFF, but
leave VMAG ON
440/17/46 APOAPSIS
440/08/48 Tum VMAG OFF
440/19/08 PERIAPSIS
440/19/38 Turn Transmitter ON (Earth Passive Ops
Occultation Egress) team plus
tracking team
440/20/22 APOAPSIS
440/21/42 Turn Transmitter OFF (Earth
Occultation Ingress)
440/21/52 PERIAPSIS
440/22/22 Turn Transmitter ON (Earth
Occultation Egress)
440/23/14 APOAPSIS
441/00/26 Turn Transmitter OFF (Earth

Occultation Ingress)
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441/00/36 PERIAPSIS

441/01/06 Turn Transmitter ON (Earth
Occultation Egress)

441/01/30 Turn Transmitter OFF (Stored
Data Downlinked) No Ops

441/01/58 APOAPSIS

441/02/40 Tum NMS ON for warm up

441/03/00 Turn Sci. Instruments ON

441/03/20 PERIAPSIS

441/03/40 Turn Sci. Instruments OFF, but
leave VMAG ON

441/04/42 APOAPSIS

441/05/44 Tum VMAG OFF

441/06/04 PERIAPSIS

441/07/26 APOAPSIS

441/08/48 PERIAPSIS

Time line continues approximately like this for next 480 days or so,
except for the approximately 40 day period around solar conjunction.
During solar conjunction period uplink and downlink will not be possible,
so the spacecraft will be put in a hibernation safe mode. As the orbit
precesses the spacecraft must be reoriented about once every 20 days to
keep it the correct Cartwheel orientation. Full ops teams for one shift
during reorientation maneuver and uplink of commands.

560/00/00 Put S/C in Hibernation Mode for
about 40 day duration of Solar
Conjunction
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600/00/00

SOLAR CONJUNCTION (40 DAYS - No Ops)

Wake up S/C, check out all
subsystems, continue science
mission

AEROBRAKING PHASE (TAKE DATA EVERY 4TH ORBIT)

921/04/06

921/04/48
921/05/08
921/05/28

921/05/48

921/06/50
921/07/52
921/08/12
600/09/34
921/10/56
921/12/18
921/13/40
921/15/02
921/15/54

921/16/04

APOAPSIS, small burn to lower 3 Shifts, Full

periapsis to 115, km Ops Teams for
next 30 days,
Start Continuous
Tracking

Tum NMS ON for warm up

Tum Sci. Instruments ON

PERIAPSIS

Turn Sci. Instruments OFF, but
leave VMAG ON

APOAPSIS

Tum VMAG OFF
PERIAPSIS

APOAPSIS

PERIAPSIS

APOAPSIS

PERIAPSIS

APOAPSIS

Tum NMS ON for warm up

Turn Sci. Instruments ON
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921/16/24

921/16/44

921/17/46
921/08/48
921/19/08

921/19/38

921/20/22

921/21/42

921/21/52

921/22/22

921/23/14

922/00/26

922/00/36

922/01/06

922/01/30

922/01/58
922/02/40

922/03/00

PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON

APOAPSIS
Tum VMAG OFF
PERIAPSIS

Turn Transmitter ON (Earth
Occultation Egress)

APOAPSIS

Turn Transmitter OFF (Earth
Occultation Ingress)

PERIAPSIS

Turn Transmitter ON (Earth
Occultation Egress)

APOAPSIS

Turn Transmitter OFF (Earth
Occultation Ingress)

PERIAPSIS

Turn Transmitter ON (Earth
Occultation Egress)

Turn Transmitter OFF (Stored
Data Downlinked)

APOAPSIS
Tum NMS ON for warm up

Turm Sci. Instruments ON
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922/03/20

922/03/40

922/04/42
922/05/44
922/06/04
922/07/26

922/08/48

PERIAPSIS

Tum Sci. Instruments OFF, but
leave VMAG ON

APOAPSIS
Tum VMAG OFF
PERIAPSIS
APOAPSIS

PERIAPSIS

Time line continues approximately like this for next 30 days or so, i.e., the

apoapsis is at 250 km.

As the orbit precesses the spacecraft must be

reoriented about once every 5 to 20 days to keep it the correct Cartwheel

orientation.

Full ops teams for one shift during reorientation maneuver

and uplink of commands.

DIURNAL SURVEY (TAKE DATA EVERY 4TH ORBIT)

952/23/30

952/23/40
953/00/00
953/01/52
953/09/00
953/09/20

953/11/12

APOAPSIS, small bum to raise

periapsis to 250 km, 250 x 250

km circular orbit, P = 1h 52m End continuous
Ops and tracking

Tum NMS ON for warm up No Ops

Turn Sci. Instruments ON

Turn Sci. Instruments OFF

Tum NMS ON for warm up

Turn Sci. Instruments ON

Turn Sci. Instruments OFF
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953/16/28
953/16/48
953/18/40

953/19/00

953/20/10

953/20/52

953/22/02

953/22/46

953/23/56

953/23/56
953/00/16

953/02/08

Tum NMS ON for warm up
Tum Sci. Instruments ON
Tum Sci. Instruments OFF

Turn Transmitter ON (Earth
Occultation Egress)

Turn Transmitter OFF (Earth
Occultation Ingress)

Turn Transmitter ON (Earth
Occultation Egress)

Turn Transmitter OFF (Earth
Occultation Ingress)

Turn Transmitter ON (Earth
Occultation Egress)

Turn Transmitter OFF (Stored
Data Downlinked)

Tum NMS ON for warm up
Turn Sci. Instruments ON

Turn Sci. Instruments OFF

Full Ops and
Tracking

No Ops

Time line continues approximately like this for next 120 days. As the
orbit precesses the spacecraft must be reoriented about once every 5 days

to keep it the correct Cartwheel orientation.

Also, as the orbit altitude

decays 200 km, two small burns will be made to perodically put the S/C

back into its 250 km circular orbit.

Full ops teams for one shift during

reorientation and burn maneuvers and uplink of commands.

1072/18/00

Burn to put S/C into
250 x 1000 km quarantine
orbit.
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1073/00/00 Put S/C in Hibernation Mode

END OF MISSION

A.B. Binder, LESC, Jan. 20, 1994

End Ops and
tracking
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1.0 Introduction

The following three sections contain the Instrument Description Documents (IDD)
for the three instruments packages which makeup the MAUDEE science payload.
These packages are the Neutral Atmosphere Package (NAP), the Scanning Imaging
Package (SIP), and the Plasma Instrument Package (PIP). Each section contains the
IDD for the instrument package itself, followed by an IDD for each of the sensors
which are in the instrument package. For example, the Neutral Atmosphere Package
has two sensors, the Fabry-Perot Interferometer sensor and the Neutral/Ton Mass
Spectrometer sensor. The IDD for each of the three packages contains the
information needed to describe the integrated package, including the common
elements, i.e., the Data Processing Unit (DPU) and the Power Supply (PS). Each
sensor IDD gives those data which are unique to that sensor.



2.0 Neutral Atmosphere Package IDD
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Neutral Atmosphere Package (NAP)
Team Leader: Dr. Timothy Killeen
Address: Space Physics Research Lab.
U. Michigan
2455 Hayward
Ann Arbor, MI 48109-2143
Telephone: 313/747-3435 W
‘ 313/426-5904 H
Fax: 313/763-0437
Team Engineer: Brian Kennedy
Address: Space Physics Research Lab.
U. Michigan
2455 Hayward
Ann Arbor, MI 48103-2143
Telephone: 313/764-6561 W
313/994-5205 H
| ‘ Fax: 313/763-0437
Total Mass (kg): 16.9
Common Elements (List):
SIE (Power Supply,
RS422 I/F, 80c86 DPU): 2.8
NMS Elements (List):
Sensor/Electronics 3.7
FPI Elements (List):
Electronics: 2.8
Sensor: 3.0
Telescopes (2, total): 4.6
Dimensions (cm):
Common Elements (List):
SIE: 15x15x 12
NMS Elements (List):
Sensor/Electronics: 25 x 374 x 19.1
FPI Elements (List):
‘ Electronics: 12x15x 15
Sensor: 15 x 15 x 60
A. B. Binder

March 4, 1994



Telescopes (2, each): 10 x 15 x 15.2

Power (w)/Time Period:

Worst Case Peak: 45
Operational Peak: 45
Average ON: 20.1
Average Standby: 8.4
Electronics: 5.1 +
Heaters: 10
Coolers: 3

DPU Requirements (Total/Op-Sys):

CPU Time (%): 50/5
CPU Processing (MIPS): 0.15/0.015
EEPROM (K): 140/16
RAM (K): 56/8
DC Voltages:
S/C supplied (V): 28
Regulated (y/n, +/- V): n, +/-6

Operational Temperatures (°C):
Common Elements (List):

SIE: -20 to +40
NMS Elements (List):

Electronics: -20 to +40

Sensor -60 to +100
FPI Elements (List):

Electronics: -20 to +40

Sensor: +15 to +25

Telescopes: -20 to +40

Survival Temperatures (°C):
Common Elements (List):

SIE: -30 to +60
NMS Elements (List):

Electronics: -40 to +80

Sensor -100 to +300
FPI Elements (List):

Electronics: -30 to +60

Sensor: -30 to +60

Telescopes: -30 to +50

Thermal Radiator:

A. B. Binder
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Area (cm2): 100

‘ Clear Field of View: pX
Total Data Rate (bps): 1440
Science: 1364
Engineering: 76

Telemetry Format:

Max. Bit Error Rate:

Science: 10-5
Engineering: 10-5
Commands:
Words (#): 36
Word Size (Bits): 16
Rate (bps): TBD
Attached Instrument Drawings
(y/n): y
. Special Issues: None

A. B. Binder
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Fabry-Perot

Interferometer (FPI)

Leader:
Address:

Telephone:
Fax:

Engineer:
Address:

Telephone:

Fax:

Dr. Timothy Killeen

Space Physics Research Lab.
U. Michigan

2455 Hayward

Ann Arbor, MI 48109-2143

313/747-3435 W
313/426-5904 H
313/763-0437

Brian Kennedy

Space Physics Research Lab.
U. Michigan

2455 Hayward

Ann Arbor, MI 48103-2143

313/764-6561 W
313/994-5205 H
313/763-0437

Total Mass (kg):
Sensors:
Electronics:

2 Telescopes:
Cables:

Dimensions (cm):

Sensors:
Electronics:
2 Telescopes:

A NDWO
AW O N

15 x 15 x 60
15 x 15 x 12
10 x 15 x 15.2

Power (w)/Time Period:

Worst Case Peak:

Operational Peak: 30/20 msec every 0.25 sec

Average ON: 8.1/0.25 sec
Average Standby: 3/?
Electronics: 5.1

Heaters: 10

Coolers: 3

A. B. Binder
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DPU Requirements:
CPU Time (%):
CPU Processing (MIPS):
EEPROM (K):
RAM (K):

DC Voltages:
S/C supplied (V):
Regulated (y/n, +/- V):

Operational Temperatures (°C):

Detectors:
Sensors:
Electronics:
Telescopes:

Survival Temperatures (°C):
Sensors:
Electronics:
Telescopes:

Thermal Radiator:
Area (cm2):
Clear FOV (9, half angle):

Total Data Rate (bps):
Science:
Engineering:

Telemetry Format:

Useful Data Altitudes (km):
Instrument ON Range:
Measurement Altitudes:

Type of Data:
Limb Scans (y/n):
Disks Scans (y/n):
In Situ (y/n):

Duty Cycle, Specify:
Trans-Mars Cruise:

25
0.075

64

32

28
n, +/-6

-100
+15 to +25
-20 to +40
-20 to +40

-30 to +60
-30 to +60
-30 to +50

100
2%

860

800
60

60 to 200

=<
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Mars Orbit: 30 to 100%

Time:
Scan (sec):
Sample/Integration (msec):
Synchronization (msec): 10
Absolute (sec)

Orbit Knowledge (30):

Position (km): 1 (alt., along and cross track)
Velocity (m/s): 3
Max. Bit Error Rate:
Science: 0-5
Engineering: 10-5
Commands:
Words (#): 20
Word Size (Bits): 16 bit
Rate (bps): <1
Mounting: Telescopes only
Look Direction wrt S/C: 4590, 1359 wrt spin or velocity vector
Alignment Uncertainty (©, 306): 0.1
Knowledge (°, 30): 0.01
Clear FOV (9, half angle): 45
Co-alignment w/ Other
Instrument, Specify:
Fields of View (0):
Direction: 45,135 wrt RAM/velocity vector
Instantaneous: 02(V)x1 H
Pointing on Orbit (36):
Placement (©): 1RPY
Knowledge (©): 03 R,PY
Jitter (O, sec): 0.3 in 0.25 sec
Stability (0, sec): 0.3 in 10 sec

Instrument Produced Torques:
Magnitude (Nm): 1.6 x 10-3
Moment of inertia (g cm2):

A. B. Binder
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Min. Rate of Occurance (sec):

Duration (msec):

Deployment/Initial Turn
On Sequence:

Operation Modes:

0.25 sec
20

Power on, Telescope cover deploy,
Calibrate, Operate

Calibrate, Limb scans

Rotation Rate (rpm): TBD
Contamination Limits:
Magnetic (Y): <50,000
S/C Potential: N/A
Particulate (size & #/cm?2): TBD
Molecular (Angstroms): TBD

Purges:

Attached Instrument Drawings
(y/n):

Special Issues:

Dry N2 purges of interferometer
and telescopes

None
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Neutral/Ion Mass Spectrometer (NMS)

Team Leader:
Address:

Telephone:

Fax:

Team Engineer:

Dr. Hasso B. Niemann (alternate, Dr. Paul Mabhaffy)
Code 915

NASA/GSFC

Greenbelt, MD 20771

301/286-8706 (8184) W
410/730-6859 H
301/286-2630 (1756 after 10/1/93)

Jack E. Richards

Address: Code 915
NASA/GSFC
Greenbelt, MD 20771
Telephone: 301/286-7250 W
301/262-2226 H
Fax: 301/286-2630 (1756 after 10/1/93)

Total Mass (kg):
Sensors:
Electronics:
Structure:
Cables:

Dimensions (cm):
Power (w)/Time Period:
Worst Case Peak:

Operational Peak:

Average ON:
Average Standby:

DPU Requirements:
CPU Time (%):

. CPU Processing (MIPS):

EEPROM (K):

QO = = W
NN oo

25 x 374 x 19.1 See drawings

15

Stepping from 9 to 15 w over couple
sec

12.0

5.4

20
0.06
60
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RAM (K):

DC Voltages:
S/C supplied (V):
Regulated (y/n, +/- V):

Operational Temperatures (©C):

Detectors:
Sensors:
Electronics:

Survival Temperatures (°C):

Sensors:
Electronics:

Total Data Rate (bps):
Science:

Engineering:

Telemetry Format:

Useful Data Altitudes (km):

Instrument ON Range:

Measurement Altitudes:

Type of Data:
Limb Scans (y/n):
Disks Scans (y/n):
In Situ (y/n):

Duty Cycle:
Trans-Mars Cruise:
Mars Orbit:

Time:
Scan (sec):

Sample/Integration (msec):

Synchronization (msec):
Absolute (sec):

Orbit Knowledge (30):
Position (km):
Velocity (m/s):

16

28
y, +/-1

-60 to +100
-20 to +40

-100 to +300
-40 to +80

580

564
16

<500
<500

None
All

1.0
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Max. Bit Error Rate:

Science: 10-5
Engineering: 10-3
Commands:
Words (#): 16
Word Size (bits): 16
Rate (bps): TBD
Mounting:
Look Direction wrt S/C: RAM direction preferred (if spinner,

instrument boresight needs to point
into RAM direction once per spin

period)
Alignment Uncertainty (°, 30): 0.1
Knowledge (°, 30): 0.1
Clear FOV(9, half angle): 77
Co-alignment w/ Other
Instruments, Specify:
Fields of View (9):
Direction: Instrument boresight in RAM
direction
Instantaneous: 2n Steradians
Pointing on Orbit:
Placement (©): 0.2
Knowledge (©): 0.2
Jitter (O, sec):
Stability (O, sec): ?

Deployment/Initial Turn

On Sequence: Break off cap - ejected after Mars
orbit insertion/after orbit insertion no
special turn-on sequence

requirements
Operation Modes: Neutral Open
Neutral Closed
Ion
Rotation Rate (rpm): 5

A. B. Binder
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Contamination Limits:

Magnetic (Y): <5 x 104
S/C Potential (v): S
Ground Test: Routine instrument tests

Attached Instrument Drawings
(y/m): y

Special Issues:
Thruster contamination. Thruster location and plume direction.

A. B. Binder
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3.0 Scanning Imaging Package IDD



Scanning Imaging Package

(SIP)

UVS Elements (total):
Spectrometer and Detector:
Electronics:

Scan Mirror:
Slit Changer:
Telescope and Structure:

IP Elements (total):

Sensors:
Cables:

Dimensions (cm):

Common Elements (List):
DPU and Power Conversion
Unit:
UVS Elements (List):
UVS:

Leader: Dr. A. Ian F. Stewart
Address: LASP, Campus Box 392
U. Colorado @ Boulder
Boulder, CO 80309-0392
Telephone: 303/492-4630 or 8689 W
303/444-1330 H
Fax: 303/492-6444 or 6946
Engineer: Sam Jones
Address: LASP, Campus Box 392
U. Colorado @ Boulder
Boulder, CO 80309-0392
Telephone: 303/492-6179 W
H
Fax: 303/492-6444
Total Mass (kg): 13.8
Common Elements (List):
DPU and Power Conversion
Unit: 4.6
Harnesses: TBD

OCRARPOOmmW
[N . NV S =

W W oo

203 x 254 x 12.7

434 x 269 x 109

A. B. Binder
March 4, 1994



Baffle:

IP Elements (List):
Sensors:
Electronics:
Cooler:

Power (w)/Time Period:
Worst Case Peak:
Operational Peak:
Average ON:
Average Standby:
Electronics:

Heaters:

Coolers:

TBD
54 x 49 x 33.6

20x 15 x 7.5
10 dia. x 8

1

2
7.
5.
1 (DPU only mode)
5.
0

1 i v

but need thermal model for
confirmation
0

DPU Requirements (Total/Op-Sys):

CPU Time (%):

CPU Processing (MIPS):
EEPROM (K):

RAM (K):

DC Voltages:
S/C supplied (V):
Regulated (y/n, +/- V):

Operational Temperatures (°C):
Common Elements (List):
DPU:

Individual Elements (List):

Survival Temperatures (°C):
Common Elements (List):
DPU:

Individual Elements (List):

Thermal Radiator:
Area (cm2):
Clear Field of View (©):

Total Data Rate (bps):
Science:
Engineering:

45/5
0.135/0/015

64/16

32/8

+28 +/-6
y, +5, +/-15, +24

-40 to +55
See UVS and IP IDDs

-55 to +85
See UVS and IP IDDs

314 (radius = 10 cm) for IP
150 exciude view of planet

1226
1156
70
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Telemetry Format: 270 16 bit words per spin + IP

telemetry
Max. Bit Error Rate:
Science: 10-7
Engineering: 10-7
Commands:
UVS
Words (#): 5 words 4 times per orbit
Word Size (Bits):1 16
Rate (bps): <0.05 bps average
IP
Words (#): 3
Word Size (Bits):1 16
Rate (bps): TBD
Attached Instrument Drawings
(y/m): y
Special Issues: None

A. B. Binder
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Ult

raviolet Spectrometer

(UVS)

Leader:
Address:

Telephone:
Fax:

Engineer:
Address:

Telephone:

Fax:

Dr. A. Ian F. Stewart
LASP, Campus Box 392
U. Colorado @ Boulder
Boulder, CO 80309-0392

303/492-4630 or 8689 W
303/444-1330 H
303/492-6444 or 6946

Sam Jones

LASP, Campus Box 392
U. Colorado @ Boulder
Boulder, CO 80309-0392

303/492-6179 W
H
303/492-6444

Total Mass (kg):

Spectrograph & Detector:

Electronics (uP &
Scan Mirror:
Slit Changer:

Telescope & Structure:

Cables:

Motor Drive):

QA= =00

5.
1.
1.
0.
0.
1.

In above

Dimensions (cm): See attached drawings

Power (w)/Time Period:

Worst Case Peak:

7 (3w for inst. & 2w each for scan
mirror and slit shanger)

Operational Peak:

Average ON:
Average Standby:
Electronics:

5/2.0 w step of <0.25 s for each scan
mirror step, 1 step/12 sec; 2.0 w
step of <0.25 s for each slit change, 2
changes/orbit

3

0, Standby is OFF

3

A. B. Binder
March 4, 1994



DPU Requirements:
CPU Time (%):
CPU Processing (MIPS):
EEPROM (K):
RAM (K):

DC Voltages:
S/C supplied (V):
Regulated (y/n, +/- V):

Operational Temperatures (°C):

Detectors:
Electronics:

Survival Temperatures (°C):
Detectors:
Electronics:

Total Data Rate (bps):

Science:
Engineering:

Telemetry Format:

Useful Data Altitudes (km):
Spin-scan Imaging:
Limb Profiles:

Disk Scans:

Type of Data:
Limb Scans (y/n):
Disks Scans (y/n):
In Situ (y/n):
Other:

Duty Cycle:
Trans-Mars Cruise:
Mars Orbit:

30
0.09

24

16

+28 DC to run DC to DC converters
y, +5, +/-15, +24

-20 to +40
-20 to +40

-45 to +55
-45 to +55

360 (@ % rpm, rate proportional to
spin rate)

340

20

270 16 bit words per spin (255 sci
and 15 eng)

>3400
<3400

All altitudes

y

y
n

Spin-scan Imaging, build up from
disk scans
Sky Surveys, similar to disk scans

8 hrs, once/month
Elliptical orbit, 4 hr apoapsis image
& limb scanning below 1000 km
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Circular orbit, 50% of orbit doing limb

scans
Time:

Scan (sec): 1-8
Sample/Integration (msec): 4 - 32
Synchronization (msec): 1
Absolute (sec): 0.1
Orbit Knowledge (30):
Position (km): 1
Max. Bit Error Rate:
Science: 10-7
Engineering: 10-7
Commands:
Words (#): 5
Word Size (Bits): 16
Rate (bps): <0.05 bps, 4 x per orbit
Mounting:
Look Direction wrt S/C: See attached diagram. The UVS
. should be mounted in such a way

that, with the scanning mirror in its
central position, the look direction is
perpendicular to the S/C spin axis.
The instrument slits are coplanar with
the S/C spin axis. The scan mirror
motion deflects the line-of-sight
within a range of 90 +/- 300 from the
spin axis. The optical axis of the
monochromator makes an angle of
600 with the spin axis. To reduce
scattered-light and aerodynamic
"vehicle glow" problems, it is
desirable to recess the instrument
into the S/C body.

Alignment Uncertainty (©, 36): 0.1 on all axes

Knowledge (9, 30): 0.1 on all axes
Clear FOV (9, half angle) 60 along spin axis
30 perpendicular to spin axis
‘ Co-alignment w/ Other
Instrument, Specify: TBD
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. Fields of View (0):
Direction:
Instantaneous:

Pointing on Orbit (30):
Placement (©):
Knowledge (9):
Jitter (9, sec):
Stability (9, sec):

Instrument Produced Torques:
Magnitude (Nm):
Moment of Inertia (g cm2):

Min. Rate of Occurance (sec):

Duration (msec):

Deployment/Initial Turn
On Sequence:

Operation Modes:

Monochromator:

Scan Mirror:

Rotation Rate (rpm):

Contamination Limits:

90 +/-30 from spin sxis
1.38 x 0.46 (long axis coplanar with
S/C spin axis

1.0
0.1
0.03
0.1 per spin (nominally 12 sec)

<2 x 10-6

667
12, once per spin period
200

No special deployment or turn on
sequences. Red tag dust covers are
removed prior to launch

The monochromator and the scan
mirror each have 2 modes. These
mechanisms are independent of each
other:

Spectral mode: grating scans
Wavelength mode: grating fixed
Imaging mode: mirror scans +/- 159
Stare mode: mirror is fixed

5 nominal, 3 - 10 acceptable

Magnetic (7): <50,000

S/C Potential:
Particulate (size & #/cm2):

‘ Molecular (Angstroms):

N/A

TBD, instrument handling, while
mirrors are exposed to external
environment, should be done in Class
10,000 or better clean environment.

<300 Ang.
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Ground Test: Nominal aliveness testing will be
required prior to launch.

Purges: GN2 desirable but not required

Attached Instrument Drawings
(y/n): y

Special Issues:
"MUYVS refers to proposed MAUDEE Ultraviolet Spectrometer, "PVOUVS
refers to existing Pioneer Venus Orbiter UVS. MUYVS is based on PVOUVS,
but incorporates the following modifications and upgrades:

1) Add protective sun sensor

2) Replace Cassegrain telescope w/ off-axis parabolic telescope

3) Wider monochromator slits

4) Upgrade grating drive

5) Add scanning mirror, drive and control

6) Add bistable entrance slit changer mechanism

7) Add ability to cycle grating through position program

8) Add ability to co-add internal data buffer loads

9) add ability to "window" buffer readout

10) modify integration period options

11) modify instrument status readout

For the TWO PRIME S/C OPTIONS (spinnerw/momentum wheel, or straight
spinner), there will be NO CHANGES TO THE PROPOSED MUVS
INSTRUMENT.

Instrument descope options:
1st descope: delete scanning mirror (5) and slit changer (6)
2nd descope: remove all other mods/upgrades EXCEPT SUN SENSOR (1)

A. B. Binder
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Imaging Photometer (IP)
| Leader: Dr. Steve Mende
Address: Lockheed 91-20, Bldg. 255
| 3251 Porter Dr.
Palo Alto, CA 94304
Telephone: 415/424-3282 W
415/948-5623H
Fax: 415/424-3333
Engineer: E. K. Aamodt
Address:
Telephone: 415/424-3280W
H
Fax: 415/424-3333
‘ Total Mass (kg): 4.18
Sensors: 4.03
Electronics: 0
Cable: 0.15
| Dimensions (cm):
Sensors: . 54 x 49 x 33.6
Electronics: 20x 15x 7.5
Cooler: 10 dia. x 8
Power (w)/Time Period:
Worst Case Peak: 4 (<1 sec once per orbit)
Operational Peak: 1.5
Average ON: 1.5
Average Standby: 0 (standby is off)
Electronics: 1.5
Heaters: 0 - but need thermal model
Coolers: 0

DPU Requirements:
CPU Time (%):

10

A. B. Binder
March 4, 1994



CPU Processing (MIPS): 0.03

‘ EEPROM (K): 24
RAM (K): 8
DC Voltages:
S/C supplied (V): 28
Regulated (y/n, +/- V): n
Operational Temperatures (°C):
Detectors: -60
Sensors: -20 to +40
Electronics: -40 to +55

Survival Temperatures (°C):
Sensors: -55 to +85
Electronics: -55 to +85

Thermal Radiator:

Area (cm2): 314 (radius = 10 cm)
Clear FOV (©, half angle): 75
. Total Data Rate (bps): 866
Science: 816
Engineering: 50

Telemetry Format:

Useful Data Altitudes (km):

Instrument ON Range: 200 - 1000
Measurment Altitudes: 80 - 300
Type of Data:
Limb Scans (y/n): y
Disks Scans (y/n): y
In Situ (y/n): n
Other:
Duty Cycle:
Trans-Mars Cruise: Calibration once/month
Mars Orbit: 100 % day time, few night time passes
Time:
‘ Scan (sec): N/A
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Sample/Integration (msec): 4000

Synchronization (msec): 100

Absolute (sec): 1
Orbit Knowledge (30):

Position (km): 15
Max. Bit Error Rate:

Science: 10

Engineering: 10-
Commands:

Words (#): 3

Word Size (bits): 16

Rate (bps): TBD
Mounting:

Look Direction wrt S/C:

Alignment Uncertainty (9, 30):

Knowledge (©, 30): 0.1

Clear FOV (9, half angle): TBD
Co-alignment w/ Other
Instruments, Specify:

Fields of View (9):

Direction: -11.59 to

Instantaneous: 40 Horizontal, 4 Vertical
Pointing on Orbit (30):

Placement (©):

Knowledge (©): 0.1

Jitter (©, sec):

Stability (©, sec): 0.1/sec 77
Instrument Produced Torques:

Magnitude (Nm): TBD

Moment of Inertia (g cm?)

Min. Rate of Occurance (sec): Very infrequent adjustment to look

angle, not during data acquisition

Duration (msec):

Look in orbit plane at limb, look at
100 km limb tangent alt.

-41.54
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Deployment/Initial Turn
On Sequence:

Operation Modes:

Rotation Rate (rpm):

Contamination Limits:
Particulate (size & #/cm2):
Molecular (Angstroms):

Ground Test:

Attached Instrument Drawings
(y/n):

Special Issues:

No high voltage device. Aperature
door opening. Door avoids dust
contamination, once in spaced door
always open.

Normal operation with electronically
programable wavelength selection,
6 simultaneous channels

1/orbit

Standard clean room practices ??

Standard clean room practices ??

Normal ground test flow. Calibration
as late as possible.

None
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Plasma Instrument Package (PIP)

Team Leader:
Address:

Telephone:

Fax:

Team Engineer:

Address:

Telephone:

Fax:

Dr. Rod Heelis

Center for Space Science

U. Texas @ Dallas

2601 N. Floyd

P.O. Box 830-688 F022
Richardson, TX 75083-0688

214/690-2822W
H
214/690-2761

C. R. Lippincott

Center for Space Science

U. Texas @ Dallas

2601 N. Floyd

P.O. Box 830-688 F(022
Richardson, TX 75083-0688

214/690-2819 W
H
214/690-2761

Total Mass (kg): 12.55
Common Elements (List):
Main Electronics and DPU: 9
Individual Elements (List):
RPA/IDM 2.2
LP/EUV 0.5
VMAG 0.5
Sensor Aperature Plane: 0.35
Dimensions (cm):
Common Elements (List):
Main Electronics and DPU: 19 x 26.7 x 19

Individual Elements (List):
RPA/IDM
LP
EUV

14.6 x 17.4 x 24.4
0.4 dia x 100 (Two)
8 dia x 5 (Two)
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VMAG 8 x 8 x 10 (Two)
Sensor Aperature Plane: 0.13 x 40 x 28

Power (w)/Time Period:
Worst Case Peak:
Operational Peak:

Average ON: 10
Average Standby:
Electronics:
Heaters: 0.5 for boom mounted VMAG
sensors
DPU Requirements (Total/Op-Sys):
CPU Time (%): 50/5
CPU Processing (MIPS): 0.15/0.015
EEPROM (K): 64/16
RAM (K): 41/8
DC Voltages:
S/C supplied (V): 28
Regulated (y/n, +/- V): n
Operational Temperatures (°C):
Common Elements (List): 0 to +40 All
Individual Elements (List):
IDM/RPA -10 to +50
LP/EUV -100 to +250
VMAG -20 to +40
Survival Temperatures (°C):
Common Elements (List): -30 to +60 All
Individual Elements (List):
IDM/RPA -30 to +60
LP/EUV -100 to +250
VMAG -30 to +60
Total Data Rate (bps): 1800
Science: 1650
Engineering: 150

Telemetry Format:

Max. Bit Error Rate:
Science: 10-6
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Engineering:

Commands:
Words (#):
Word Size (Bits):
Rate (bps):

Attached Instrument Drawings
(y/n):

Special Issues:

10-6

4
32
Adaptable uplink

None
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Ion Drift Meter/Retarding Potential Analyser (IDM)

Team Leader: Dr. Rod Heelis
Address: Center for Space Science
U. Texas @ Dallas
2601 N. Floyd
P.O. Box 830-688 F022
Richardson, TX 75083-0688

Telephone: 214/690-2822W
H
Fax: 214/690-2761
Team Engineer: C. R. Lippincott
Address: Center for Space Science

U. Texas @ Dallas

2601 N. Floyd

P.O. Box 830-688 F022
Richardson, TX 75083-0688

Telephone: 214/690-2819 W
H
Fax: 214/690-2761

Total Mass (kg):
Sensors:
Cables:

Dimensions (cm):

Power (w)/Time Period:
Worst Case Peak:
Operational Peak:
Average ON:
Average Standby;
Electronics:

DPU Requirements:
CPU Time (%):

CPU Processing (MIPS):

L 00
N O

TBD

See Diagrams

8/100%

8

20
0.06
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EEPROM (K):
RAM (K):

DC Voltages:
S/C supplied (V):
Regulated (y/n +/- V):

Operational Temperatures (°C):

Sensors:

Survival Temperatures (°C):
Sensors:

Total Data Rate (bps):
Science:
Engineering:

Telemetry Format:

Useful Data Altitudes (km):
Instrument ON Range:
Measurment Altitudes:

Type of Data:
Limb Scans (y/m):
Disks Scans (y/mn):
In Situ (y/n):

Duty Cycle:
Trans-Mars Cruise:
Mars Orbit:

Time
Scan (sec):
Sample/Integration (msec):
Synchronization (msec):
Absolute (sec):

Orbit Knowledge (30):
Position (km):
Velocity (m/s):

Max. Bit Error Rate:

20
16

28
n, +/-6

0 to +50

-30 to +60

656
6438
8

<2000
<2000

Aliveness test once/month
Maximize either side of periapsis

0.1
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Science:
Engineering:

Commands:
Words (#):
Word Size (bits):
Rate (bps):

Mounting:
Look Direction wrt S/C:

Alignment Uncertainty (°, 30):

Knowledge (©, 36):

Clear FOV(9, half angle)
Co-alignment w/ Other
Instruments, Specify:

Fields of View (0):
Direction:
Instantaneous:

Pointing on Orbit (36):
Placement (©)
Knowledge (©):
Jitter (O, sec):
Stability (©, sec):

Deployment/Initial Turn
On Sequence:

Operation Modes:

Rotation Rate (rpm):

Contamination Limits:

32

Adaptable uplink format

Sensor look directlon along RAM
1 .

0.1

60

Perpendicular to nadir, in orbit plane

90 cone

0.5

0.1

<0.1 @ >0.1 Hz Amplitude
<1/60 from nadir and in yaw

None
Mass Search
RPA Scan

Analyzer Scan

Static instrument

Magnetic (Y): <5000

S/C Potential:

Ground Test:

Not driven by solar array potential

GSE will be provided for bench test.
Post-integration testing via S/C
ground system.
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. Attached Instrument Drawings
(y/n): y

Special Issues:
1) Maximize conducting area on RAM surface of spacecraft.
2) Insulate solar array from plasma (usually requires painting
conducting interconnectors)
3) White glove handling
4) Oil free vacuum systems
5) Red tag cover removal before launch
6) Minimize microphonic vibrations at sensors
7) Caution near exposed grids
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Langmuir Probe/Extreme Ultraviolet Sensor (LP)
Team Leader: Dr. Larry Brace
Address: Code 914
Bldg. 22, Rm G52
NASA/GSFC
Greenbelt, MD 20771
OR
SPRL
2455 Hayward
Ann Arbor, MI 48109-2143
Telephone: 301/286-8575 (GSFC) W
410/956-2809 H
Fax: 301/286-1663
Team Engineer: Charles Edmonson
Address: SPRL
2455 Hayward
Ann Arbor, MI 48109-2143
Telephone: 313/764-5148 W
H
Fax: 313/763-5567
Total Mass (kg): 0.5
Sensors: 0.5 (Total for LP and SEUV)
Dimensions (cm):
Sensors: 0.4 dia. x 100 (Two probes)
8 dia. x 5 (Two probes)
Electronics: 15 x15 x 15
Power (w)/Time Period:
Worst Case Peak:
Operational Peak:
Average ON: 6 /25 % elliptical orbit
100% circular orbit
Average Standby;
A. B. Binder
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Electronics: 4

' DPU Requirements:
CPU Time (%): 24
CPU Processing (MIPS): 0.072
EEPROM (K): 20
RAM (K): 16
DC Voltages:
S/C supplied (V): 28
Regulated (y/n, +/- V): n
Operational Temperatures (°C):
Sensors: -100 to +250
Survival Temperatures (°C):
Sensors: -100 to +250
Total Data Rate (bps): 580
Science: 500
Engineering: 80
. Telemetry Format:
Useful Data Altitudes (km):
Instrument Range: All, but 100 to 1000 most important
Measurment Altitudes: All, but 100 to 1000 most important
Type of Data:
Limb Scans (y/n): n
Disks Scans (y/n): n
In Situ (y/n): y
Duty Cycle:
Trans-Mars Cruise: Daily Sun measurements
Mars Orbit: 10 to 30%
Time:
Scan (sec): 1 (sweep voltages)
Sample/Integration (msec):
Synchronization (msec): 1

Absolute (sec)

Orbit Knowledge (30):
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Position (km):

. Max. Bit Error Rate:

Science:
Engineering:

Commands:
Words (#):
Word Size (bits):
Rate (bps):

Mounting:
Look Direction wrt S/C:

Alignment Uncertainty (©, 30):
Knowledge (°, 30):
Clear FOV (9, half angle)

. Fields of View:
Direction (9):

Pointing (30):
Placement (©):
Knowledge (©):
Jitter (O, sec):
Stability (9, sec):

Deployment/Initial Turn
On Sequence:

Operation Modes:
Rotation Rate (rpm):

Contamination Limits:
() S/C Potential (V):

1 altitude, 10 along orbit

10-4

16 or 32

1 or 2 LPs perpendicular to velocity
vector if despun, perpendicular to
spin axis if spinning, one EUVS on top
and one on botton of S/C

5

5

LP 45 free of obstacles in RAM
Direction, EUV see the Sun

Axis of LP 90 to RAM direction

<1/?

If possible deploy LP and turn on
within 20,000 km of Earth, otherwise
deployed after MOI, SEUV fixed.

Many, controlled by microprocessor
(VPO few controlled by relay

commands)
1to 10

0 to -2 (isolated solar array)
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